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EXECUTIVE SUMMARY

I. OBJECTIVE. The objective of this study is to compare the economic
advantages and disadvantages of the Federal Telecommunications System (FTS)
to Wide Area Telephone Service (WATS)

IT. BACKGROUND.

Area Telephone Systems (DMATS) at Boston and St. Louis, the DMATS
management personnel pointed out that FTS was a more expensive form of long
distance telephone service than WATS. This was informally confirmed by the
Air Force DMATS staff in Dayton, Ohio.

b
i; A, During a previous Program Evaluation of the Defense Metropolitan

- B. The House Appropriations Committee (HAC) of the US Congress, in

: 1979 and 1980, directed the Department of Defense to increase participation
in the FTS program where operationally and economically feasible. Aas a
result, the US Army Communications Command (USACC) accelerated its emphasis
on the FTS program and 7th Signal Command and other subordinate units
perceived command policy to be that FTS is the preferred method of
providing long distance telephone service.

C. From the time of the congressional mandate to expand the use of
FTS in 1979 to the end of 1983, significant changes occurred within the
telephone industry. The Telecommunications Package (TELPAK) was eliminated
and the telephone industry started through derequlation and divestiture.

D. In response to this changing environment and the possibility that
FTS was not the most economical telephone service, the Comptroller US Army
Information Systems Command (USAISC) made a decision to do an indepth
analysis of FTS and WATS. 1In addition, the acquisition procedure to obtain
an automated model that can analyze telephone traffic data for any location
and determine the most cost effective mix of all telephone services was
initiated.

III. CONSTRAINTS. This study is limited to an evaluation of FTS and WATS.
An evaluation of other telephone services will be done at a later date.

[V. METHODOLOGY. The procedure used to compare FTS costs to WATS costs
was to cost FTS traffic using WATS tariffs. A sample of FTS traffic was
obtained from the General Services Administration (GSA) for Army
activities, Ten CONUS sites were selected for evaluation and the cost of
WATS service equivalent to the FIS traffic was computed. The sampled sites
were selected to ensure a wide geographic dispersion, a large volume of FTS
traffic and diversity of organizational missions. A simple comparision of
FTS and WATS costs was not possible for several reasons. First, no
historic FTS costs were available for specific locations or volume of
traffic. Secondly, FTS cost is usage sensitive but distance insensitive.
WATS costs are both usage and distance sensitive. Additionally, the FTS

i




costing algorithm was not available from GSA. Their publicized value of
$.30 per minute daytime rate, or $.263 per minute all hours for the Ammy,
for FY 84 was used as the FTS cost for comparative purposes. GSA will
institute a new billing method starting 1 Oct 84. Their FY 85 projected
value for the Army at a discounted rate is $.322 per minute for all traffic
and was used in projecting future comparative costs.

V. ASSUMPTIONS.

A. Future impact of deregulation and divestiture on the telephone
industry will affect the cost of all competing long distance carriers

equally.

B. The GSA 20 percent traffic sample is statistically representative.

C. FTS traffic is consistent over time. Variations of Army traffic
from week to week is neqligible,

VI. FINDINGS AND CONCLUSIONS.

A. Thirty to 40 percent of all FTS calls are intrastate., GSA bills
all calls at the $.30 per minute daytime rate regardless of destination.
Intrastate WATS calls range between $.08 and $.25 per minute depending on
the individual state tariffs. As a minumum, all intrastate FTS calls
should be blocked at the switch and transparently routed over Foreign
Exchange trunks, WATS trunks or WATS equivalent trunks depending on the
economics of the particular location. This phenomenon was discovered early
in the analysis and a letter was prepared by Comptroller for the DCSOPS'
signature directing this action be taken by 7th Signal Command. The letter
was transmitted on 22 Jun 84 (see annex E). This letter is, at best, only
a partial solution to the problem.

B. There currently exists a split responsibility for telephone
service. 7th Signal Command has responsibility for providing Direct
Distance Dialing and WATS. The US Army Commercial Communications Office
(USARCCO) has responsibility for providing Foreign Exchange (FX) trunks,
AUTOVON and FTS. There is no single organization responsible for all
telephone service. This has resulted in some duplication of services and
cases of unnecessary expenditure of funds such as that pointed out in
paragraph VI.A.

C. There are very few controls over telephone usage. This has both
tacitly and implicitly resulted in a tremendous increase in telephone usage
and, to some degree, abuse. The responsibility for controlling telephone
usage lies within the discipline of both the user and the user's management
structure. Very little control can be influenced and enforced by this
command applying technical means. The use of Least Cost Routing and
Automatic Message Accounting devices are two means of exerting some sort of
technical control.
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D. There will be sufficient savings generated by converting high
volume user activities to WATS to be able to procure Least Cost Routing
(LCR) devices for all locations where installation of digital switches is
not imminent.

VII., RECOMMENDATIONS.

A. A single organization be made responsible for all telephone
services.

B. Where feasible, block all intrastate FTS calls.

C. USAISC followup on directed actions in paragraph VI.A is required
to ensure this program does not go uncontrolled.

D. DCSOPS, USARCCO and 7th Signal Command relook at possible telephone
controls that may be instituted both in the near term and out years to
reduce telephone abuse (e.g., use AMA data to provide call information to
managers) .

E. TImmediately consider other alternatives to FTS. Before adding any
new FTS service, other telephone services should be considered to ensure
the most cost effective telephone service is provided.

F. TImmediate action should be taken to convert the majority of
telephone trunking at posts, camps and stations to WATS or WATS—equivalent
service and apply these savings to purchasing LCR devices as outlined in
the letter referenced in paragraph VI.A above,

iii
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CHAPTER 1

INTRODUCTION

1-1. Objective. The objective of this study is to compare the economic
advantages and disadvantages of the Federal Telecommunications System (FTS)
to Wide Area Telephone Service (WATS).

1-2. Background.

a. On 8 Apr 83, the Systems & Economic Analysis Division, Office of
the Comptroller, US Army Communications Command (USACC), began a program
evaluation of the Boston, MA, Defense Metropolitan Area Telephone System
(DMATS). This study was completed in Nov 83 and was immediately followed
by an evaluation of the St. Louis, MO, DMATS, which was completed in Mar
84. During both of these studies, as a topic of conversation, the DMATS
management personnel insisted that FTS was a more expensive form of long
distance telephone service than AT&T's WATS. This same perception was
confirmed informally and unofficially by the USAF's Dayton, OH, DMATS
staff.

b. USACC policy regarding installation and use of FTS has conformed to
DOD policy, which was established by Congress. The House Appropriations
Committee (HAC) stated in 1979, that “"Expanded use of the FTS in lieu of
commercial long distance telephone service could result in substantial
savings and the HAC has directed DOD to proceed with FTS installation where
cost effective." On 29 May 79, the Commanding General (GG) of USACC
requusted acceleration of the ongoing FTS Review Program to effect maximum
savings through replacement of commercial long distance tolls with FTS
where economically and Jperationally feasible. One year later, on
6 May 80, the OG, USACC, directed supporting activities to pursue FTS
installation more aggressively if USACC was to be collectively successful
in reducing commercial long distance and WATS costs. That directive stated
that the Army would be able to communicate more effectively via FTS at a
much lower cost than having the local base C-E officers procuring WATS
and/or incurring long distance tolls. On 11 Sep 81, the US Army Commercial
Communications Office (USARCCO) stated that the Army will expand direct
commercial services via FTS in place of Direct Distance Dialing (DDD) tolls
and WATS at greatly reduced costs. The CG, USACC, on 4 Feb 82, recommended
FTS be expanded by encouraging FTS subscribers to place commercial calls
via FTS in lieu of off-netting AUTOVON whenever possible and using FTS
intra-Army when AUTOVON lines are busy. On 21 Oct 82, USARCCO stated that
FTS was proven cost effective vis-a-vis Band 5 WATS and was therefore
provided to St. Louis DMATS and Fort Huachuca, AZ to replace more costly
Band S5 WATS.
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c. As a result of this extensive correspondence, the field, from 7th
Signal Command personnel to local operating facilities, perceived USACC
policy to be that FTS is the directed long distance telephone service.
Official USACC, and subsequently USAISC policy, has been to use FTS only if
it is the most economical long distance telephone service at any given
location.,

d. Between the time of the congressional mandate to expand use of FTS
in 1979 and late 1983, significant changes occurred within the telephone
industry. Telecommunications Package (TELPAK), previously used to obtain
long distance telephone service at a reduced cost, was eliminated. The
telephone industry oligopoly was deregulated and divestiture of the AT&T
Bell Operating Companies (BOC) was effective 1 Jan 84. The effect on
telephone interLATA cost has been significant. A LATA is defined as a
local assess transport area, i.e., an area within which a BOC may offer its
exchange telecommunications and exchange access services,

e. As a response to this changing environment and the casual evidence
that WATS may be more economical than FTS for Army interLATA communications
in some, if not all, cases we initiated an indepth comparison of FTS and
WATS costs, As an adjunct, we also began research into the availability of
automated models which can analyze telephone traffic data for a particular
location and recommend the most cost effective mix of telephone services.

1-3. Methodology.

a. The objective of this study is to compare, economically, FTS to
WATS. A direct comparison of FTS costs to WATS costs was not possible for
several reasons. First, no historic FTS costs were available which could
be specifically associated with particular locations or volumes of traffic.
Secondly, FTS cost is currently usage sensitive but distance insensitive.
WATS cost is both usage and distance sensitive. Additionally, the FTS
costing algorithm was not available from GSA. Therefore, we found it
impossible to validate the GSA stated cost of FTS service. GSA's $.263 per
minute (total usage) for FY 84 and their projected value of $.322 per
minute (total usage) for FY 85 were used as the numbers for comparative
purposes.

b. GSA will adopt to a measured service for costing purposes in FY 85
to reflect 24 hours usage , 7 days a week, Calls during the evening and
nights will be discounted below the day rate. FTS network calls
originating in the 34 largest cities in CONUS will be discounted below
MCI's WATS rates; on all other routes the discount will be applied at the
AT&T DDD rates. Billing will be based on the latest available quarter
rather than the four quarter averages.

c., The procedure adopted to compare FTS cost to WATS cost was to cost
FTS traffic using the WATS tariffs. A sample of FTS traffic was obtained
from 197 sites within the continental United States (CONUS) and the cost of
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WATS service equivalent to the FTS traffic was computed. The sampled sites
were chosen with care to ensure a wide geographic dispersion, a large
volume of FTS traffic and diversity of missions. This methodology required
extensive use of an automated algorithm which sorted the sample of FTS
traffic by destination prefix and then accumulated the traffic by
equivalent WATS bands.

d. At every decision point, any advantage was allowed to accrue to
FTS, i.e., this analysis represents worst case WATS vs best case FTS. The
result of this tactic was to ensure that if WATS did appear more cost
effective than FTS, sufficient cause existed to challenge the concept that
FT3 is always cheaper.

1-4. Assumptions. The following list represents assumptions of a general
nature which are applied throughout this study. 1In several cases, an
assumption was applied to a specific situation only., 1In those cases, the
assu ption is identified and discussed where it is used.

a. The future impact of deregulation and divestiture on the telephone
industry will affect the cost of all competing long distance carriers
equally,

b. Grade of Service (GOS) is P.05 (out) in the busy hour using Erlang
B statistics for both WATS and FTS. P.0S is defined as a 5 percent
probability of encountering an all-trunks-busy condition when dialing a
number during the busy hour.

c. The GSA 20 percent traffic sample is statistically reasonable.

d. FTS traffic is stationary over time. Any variation from week to
week is negligible.

1-5. Scope. This study has been limited to an economic comparison of FTS
to WATS. WATS—-equivalent services such as MCI and Sprint (or other
competitive carriers that enter the market) may be evaluated as an addendum
at a later date. Other types of long distance telephone services such as
foreign exchange lines (FX) or AUTOVON are not being considered for
inclusion in this study. However, this does not mean to imply that these
options should be excluded from any economic analysis used to determine the
most cost effective combination of telephone service,
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CHAPTER 2

COST ANALYSIS

2-1. Introduction. A cost comparison of FIS vs WATS is provided in this
chapter in summary form, A detailed presentation of FTS traffic costed as
equivalent WATS traffic is presented in annex A of this study.

2-2. Costing Algorithm,

a. As discused in paragraph 1-3c, the methodology adopted required
costing FTS traffic as equivalent WATS traffic. WATS cost is a function of
total traffic volume, distance called and time of day of the call, The
CONUS has been divided into 6 distance bands, 0 through 5 and 18 different
rate steps.

b. Band 0 traffic represents traffic which is intrastate-interLATA.
Band 5 traffic represents a maximum distance call within CONUS. Band O is
typically priced at the lowest rate, Band 5 is priced at the highest rate
and Bands 1 through 4 are priced at progressively higher intermediate
rates,

¢. The rate step applicable to each call is determined from the
originating location and the band in which the destination is located.
The cost of a WATS call is determined from a matrix of average hours per

month per access line and the time of day the call is made vs the rate
step.

d. The originating and destination location are used to identify the
proper band. The originating location and band are used to identify the
proper rate step. The average number of hours per FTS trunk per month is
computed, and with the proper rate step and the time of day the call was
made, the cost of a WATS call equivalent to an FTS call can be determined.

e. As is evident from the above discussion, the costing of FTS traffic
at a rate equivalent to WATS is very complex. 1In an effort to simplify the
procedure and to ensure that the FTS traffic is not inadvertently under
costed, only two WATS bands were used. 1In one scenario, all traffic was
costed at the Band S rate, thereby, maximizing the WATS expected cost. 1In
the second scenario, all intrastate traffic was costed at the appropriate
Band 0 rate and Band 5 was used for interstate FTS traffic. The third
scenario used intrastate WATS (Band 0) and FTS rates for interstate
traffic. The second and third scenarios usually resulted in reduced total
cost but were not necessarily the minimum cost configuration. This
procedure did ensure, however, that if the worst case cost for the
equivalent WATS service was lower than the FTS cost, then the requirement
to search for each optimum configuration at each post, camp and station
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APPENDIX 1

COST COMPARISON BASED ON THE CURRENT

FTS COST PER MONTH OF $0.263
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ANNEX A

DETAILED COST ANALYSIS

APPENDIX I—~COST COMPARISON BASED ON THE CURRENT
FTS COST PER MINUTE OF $.263

APPENDIX II—COST COMPARISON BASED ON A PROJECTED
FY 85 FTS COST PER MINUTE OF $.322
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c. WATS is billed at one-tenth of a minute increments. FTS is billed
at a full minute minimum. The result is that the typical WATS call is
billed at an average of 24 seconds less duration than with FIS. This may
represent a substantial savings for a large traffic volume. Any cost
savings is in favor of WATS.

d. This study did not attempt to construct the optimum trunking to
minimize WATS cost. All FTS traffic was costed under only three scenarios,
the maximim cost of Band 5, WATS intrastate and FTS interstate and a
combination of Band 0 and Band 5 WATS. The potential exists to customize
WATS trunking to match local calling patterns. The result should reduce
the WATS cost, perhaps significantly.

e. 1If telephone service was obtained through the competitive market,
it is possible the costs developed in this study could be reduced.

4-3. Recommendations.

a. Consideration should be given to costing alternative telephone
vendors, if not in toto, then on a location-by-location basis. The new GSA
billing scheme will make FTS service even more expensive for the Army
(approximately $5.3 million more in FY 85 than under their old billing
system) .

b. Least Cost Routing (LCR) devices should be procured through the
Productivity Capital Investment Program (PCIP), AR 5-4; or Base-Level
Commercial Equipment Program, DCA Cir 310-83-1. These LCR's should be
located at major Ammy facilities that are not scheduled for new digital
switches under the CONUS Modernization Program in the next 5-7 years. The
new digital switches normally have self-contained LCR's as part of their
hardware. 1In most instances, LCR's could be procured with the savings
accrued primarily with intrastate traffic the first year by going to WATS
service or WATS equivalent service.

c. Where feasible, immediately block all intrastate FTS calls in
states where WATS is cheaper. Intrastate FTS calls account for 30-40
percent of the FTS service. This service can be provided by other means at
a significant savings.

d. Place responsibility for all telephone service under one
organization to ensure all alternatives are analyzed before selecting the
optimum telephone mix. Commercially available software packages exist that
will analyze telephone traffic and provide the optimum trunking
requirements (FTS, WATS, MCI, SPRINT, etc.) and would be an invaluable tool
to that organization.

e. Telephone calling patterns at each location should be periodically
checked to ensure that proper trunking is provided within operational
parameters. This will be a check to ensure the cost is optimized for the
required service. Paragraph 4-3.d must occur for this to be implemented.
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USARCCO. 1In order to be able to provide the most efficient and economical
service, one organization should have total responsibility for providing
all interLATA telephone service,

e. Analysis shows (annex A) that when directly comparing WATS with FTS
at the current $.263 per minute and the projected $.322 per minute for
FY 85, the following occurs:

(1) At $.263 for the 10 sites analyzed:

‘ Total annual savings using Band 5 rates for all calls—$638K.
; Total annual savings using Band 0 and Band 5 rates for Bands 1 through 5—$1,451K.
: Total annual savings using Band 0 WATS and FTS interstate—$957K.

(2) At $.322 for the 10 sites analyzed:

Total annual savings using Band 5 rates for all calls—$2,252K.
\ Total annual savings using Band 0 and Band 5 rates for Bands 1 through 5—$3,065K.
' Total annual savings using Band 0 WATS and FTS interstate—$1,490K.

As can be seen, the maximum investigated savings occurs if Band 0 is used
for intrastate and Band 5 is used for all interstate calls, Further
savings may occur if the interstate traffic were tailored to specific WATS
Bands 1, 2, 3 or 4, which are cheaper than Band 5.

4-2, Other Considerations.

a. No attempt has been made to establish the absolute cost of FTS as
. compared to equivalent WATS. During the course of the study several facts
| emerged which will affect FTS and WATS cost and should be considered in the
‘ decisionmaking process but which are not of sufficient magnitude to change
the conclusions and recommendations of this study. For example, as FTS
was installed at certain locations, the command expected equivalent WATS
trunking to be removed. This did not always occur. Therefore, the command
, is incurring the expense of maintaining WATS at less than optimum
) utilization. A single organization responsible for all interLATA service
. could have discovered and corrected this oversight.

b. When FTS trunks terminate at the BOC dial central office (DCO), the
local USAISC agency incurs an access fee. Typically this fee is $50 or
more per month per trunk and is not included in the analysis. The

) equivalent fee for WATS has been included in the cost computations.
However, additional local access trunks (class A lines) may be needed to
support off-net service if FTS was converted to WATS. This cost was not
included but should approximate the assumed $50 per trunk cost of FTS. The
result may be small bias in favor of FTS.
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CHAPTER 4

i CONCLUSIONS AND RECOMMENDATIONS

4-1. Conclusions.

v a. The telephone system basically lacks controls to ensure that the
g system is not abused. Until such time as controls are implemented the

: telephone bill may continue to escalate unchecked. It is recognized that
controls lie with the telephone users and their management hierarchy.
However, there are some things this command can do such as decreasing grade
of service, installing Least Cost Routing and Automatic Message Accounting
devices at all major telephone switches, and instituting a customer
education program.

b. GSA is instituting a new billing system in FY 85. GSA will begin

chargin for a 24-hour measured service, 7 days a week. Their service will
be cheaper for those users making on-net calls within 34 identified major
metropolitan areas. 1If a user goes off-net or is not located in one of the
34 metropolitan areas, the user will be charged at the AT&T DDD rates.
Regardless of whether the user is charged at the AT&T DDD rate or a reduced
rate, GSA will give a 12-14 percent discount. Since most of the Army
activities are not located in the 34 metropolitan areas, or if they are,
most of their calls are off-net; the Army can expect to be billed at the
more expensive rate for the majority of its traffic. GSA verbally stated
on 21 Jun 84 that the Army's future bills would be higher than present.
The value of the Army staying with FTS service to the extent we are now
committed should be reevaluted. The competitive nature of the telephone
industry under deregulation and divestiture should be able to generally
provide the same service at less cost than FTS.

C. Approximately 30 to 40 percent of all FTS calls at each location
analyzed were intrastate. GSA bills their customers at a fixed rate of
approximately $.263 per minute in FY 84 regardless of whether the call is
intrastate or interstate, Current WATS interLATA intrastate rates vary by
state but are typically less than FTS rates—in some cases as much as
two-thirds less, The interstate savings are less dramatic but still
significant under the current billing scheme. The difference will become
even more significant when the new billing scheme takes effect 1 Oct 84,
The average FTS rate for the Army will rise from $.263 per minute to $.322
per minute with a projected 88.8 million minutes of FTS use for the Army.
This $.06 per minute differential equates to an increase of approximately
$5.3 M for the Army which is directly attributable to GSA's changed billing
procedures.

d. The USAISC organization does not lend itself to providing the most

efficient telephone service. A portion of the responsibility for providing
telephone service lies with 7th Signal Command and a portion lies with

11
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average for total traffic for the second case. The model output also
provides traffic summaries by band and day, night, and evening for
comparative purposes. Other products include busy hour traffic and
trunking required for P.05 (out) service.

g. Documentation of the model, to include flow chart, program and
description of operation is provided at annex B.
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CHAPTER 3

MODEL AIDED ANALYSIS

3-1. 1Introduction. As discussed in Methodology (paragraph 1-3), the
procedure adopted by this study was to cost sample FTS traffic using WATS
tariffs. The costing algorithm required to accomplish this methodology is
quite complex (paragraph 2-2). In order to complete this study in a timely
manner, a FORTRAN program was developed to implement the algorithm.

3-2. Model Summary.

a. 1In operation, the WATS costing model is required to aggregate FTS
traffic data by geographic region by both orginating and destination
location and by time of day within day, evening, and night distribution.
After each call at each location has been properly accumulated, the
appropriate cost rate is applied.

b. Raw data is provided by GSA as a 20 percent sample of all traffic
placed on the FTS system. To simplify programing and reduce file space
requirements, total traffic is estimated from calls made during a selected
7-day period.

c. Only rate Bands 0 and 5 are currently used by the costing routine
and, as a result, the equivalent WATS costs developed may be higher than if
band selection was optimized. However, all traffic is accumulated into the
proper rate band to permit flexibility of future model enhancements.

d. One of the entering arguments for determining the appropriate WATS
cost is average hours of traffic per trunk per month in the day, evening,
and night categories. The number of trunks required are calculated from
busy hour traffic. The model calculates mean busy hour traffic and then
computes trunk requirements from the Erlang B equation using an iterative
process.

e. The cost per minute of WATS can then be calculated and compared
with the cost per minute of FTS. It should be noted that trunking and
costing are accomplished for three cases only. The first case assumes that
all traffic is to be carried by Band 5 trunking. The second case uses Band
0 trunks to carry intrastate traffic and Band 5 rates are used for
interstate calls. The third case uses Band 0 WATS for intrastate traffic
and FTS for interstate traffic using the $.263 per minute for the current
structure and $.322 per minute for the projected rates in FY 85.

f. The model, in addition to computing cost per minute using Band 5

rates for all traffic (first case), Band 0 and Band 5 rates (second case)
and Band 0 and FTS interstate rates (third case) computes a weighted

.............
........................




(3) Other factors were considered but not included in the analysis.
These factors favor WATS—approximately $2,000K.

b. Projected FY 85 Cost Comparison:

(1) Annual savings if WATS would replace FTS at the 10 selected sites
at the beginning of FY 85—$3,065K.

(2) Cost impact after optimization of WATS trunking—unknown but
should favor WATS.

(3) Other factors were considered but not included in the analysis,
These factors favor WATS—approximately $2,400K.

PP




T e W T AT T R Mg it At i Saath Jst Menglh San ot e S o nds haiLSen At Jnd e B Sl Jengie ny g ) v - LamA an Ty ~ ~ -
A LAt 8 R R N TN TR T P . Lt T . g . - AR i T TR T Y T

TABLE 2-2

SUMMARY OF FTS AND EQUIVALENT WATS ANNUAL COST SAVINGS BY LOCATION

Cost in Thousands

WATS INTRASTATE

Dotk 2 AU A 4 Ty
SR  ASIONREY ooy
) 4 PR AN . a 2 a2 8 - 8

LOCATION Bands 0&5 Band 5 FTS INTERSTATE
Fort Benning $326.8 $262.5 $107.7
Bayonne 42.9 -33.5 59.3
Fort Knox 33.0 65.5 -20.2
Fort Sheridan 107.0 28.8 98.3
Sacramento AD -12.7 -13.56 -5.9
Fort Dix 280.2 31.4 268.5
New Cumberland AD 43.3 -28.7 61.7
Fort Bragg 109.6 14.8 103.3
Fort Hood 482.3 308.1 238.4
Fort Huachuca 38.6 3.0 45.4
Savings FY 84 $1,451.0 $638.3 $956.5
FY 85 $3,065.0 $2,252.0 $1,490.0

e. This analysis has not included several considerations which will

impact the cost comparison. In each case, inclusion of these
considerations will increase the cost of FTS or reduce the cost of WATS.
For example, WATS is billed at 0.1 minute increments while GSA bills FTS at
the full minute rate even though a subscriber uses only a portion of a
minute. Statistically, this will reduce the average call time by 24
seconds. Considering the volume of traffic in the Army, this represents
approximately $2,000K in FY 84 and $2,400K in FY 85. As a second example,
FTS trunks are normally assessed a local access charge by the BOC. This
charge is typically $50 or more per month per trunk and is paid by the
local agency. The charge has not been included as part of the total FTS
cost but any local termination charge was included in the WATS rate. Also,
when costing the FTS traffic as equivalent WATS, no attempt was made to
minimize the WATS cost by optimizing the allocation of FTS traffic to take
advantage of the most economical band rate.

2-4. Summary. This is a two-part conclusion. The first part addresses
those FTS and WATS costs associated with FY 84. The second part addresses
GSA projected FTS costs and estimated WATS costs for FY 85.

a. FY 84 Cost Comparison:

(1) Annual savings if WATS had been at the 10 selected sites vice
FTS""sl '451K.

(2) Cost after optimization of WATS trunking/costs—unknown but should
favor WATS.

....................
.......................................
........
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TABLE 2-1
SUMMARY OF PFTS SERVICE COSTED AS EQUIVALENT WATS SERVICE

Cost Per Minute

Location Band nl Bands 1-52 Bands 0853 Band 54
Fort Benning .168 .211 .202 .214
Bayonne .107 .308 205 .308
Fort Knox .280 .241 .254 .245
Fort Sheridan .140 . 257 .214 .250
Sacramento AD .285 .288 .286 .288
Fort Dix .080 .258 .189 . 255
New Cumberland AD .160 «317 . 217 .294
Fort Bragg .138 .258 .209 . 256
Fort Hood .138 .213 .192 .217
Fort Huachuca .164 270 .236 .261
1 1Intrastate traffic costed at Band 0 rate

2 Interstate traffic costed at Band 5 rate

3 A weighted average of Band 0 and Bands 1-5 traffic

4 All traffic costed at Band 5 rate

d. Table 2-2 displays total annual cost savings for the 10 selected
sites developed from the WATS cost per minute data found in table 2-1 and
the FTS rates, both current and projected for FY 85. The Bands 0&5 column
and the Band 5 column present the total annual cost savings for each
location equivalent to the Bands 0&5 column and the Band 5 column in table
2-1. The third column represents the cost savings when the FTS interstate
traffic rate is combined with the WATS intrastate traffic (Band 0) rate.
It should be pointed out that although the FTS trunking at the 10 sites
represents approximately 25 percent of the total FTS trunking for the Army,
it cannot be linearly extrapolated to obtain the total projected Army
savings. Each site must be evaluatad on its own individual merits.
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was eliminated. 1f the results were mixed, then it would be obvious that
an analysis would have to be done at each location on its own merits.

f. For additional details on the costing algorithm and the effect of
the several different cost rates on the total cost, refer to annexes A
and B.

2-3. Results,

a. Table 2-1 displays a summary of the results of applying the costing
algorithm discussed above. The cost of WATS equivalent to the FTS traffic
found at 10 selected locations is presented as cost per minute to
facilitate comparison. When contacted, GSA claimed FTS costs the user
$0.263 (full-time) per minute for FY 84 and projected $0.322 per minute
(full-time) under the new billing procedure. Cost analyses were performed
using the two full-time rates for comparative purposes.

b. In table 2-1, the cost listed in the Band 0 column represents
intrastate traffic. Intrastate traffic reflects the tariffs of the
individual states. Note that, in some cases, the intrastate rate forces
the cost higher than the interstate rates. The Band 1-5 column represents
interstate traffic. The Band 0 & 5 column figures are the weighted average
of the Band 0 and Bands 1-5 (Band 5 rates) cost. Of the three costing
scenarios addressed by this analysis, the Bands 0 & 5 total is typically
less than the total cost found by computing all traffic at the Band 5 rate
(Band 5 Column).

C. The column labeled Band 5 in table 2-1 displays all the FTS traffic
costed at the Band 5 rate. Except in those cases where the individual
state tariff is greater than the interstate Band 5 rate, this procedure
should typically result in the maximum cost for equivalent WATS service.

............................
..........................
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APPENDIX II

COST COMPARLISON BASED ON A PROJECTED

FY 85 FTS COST PER MINUTE OF $0.322
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STATE/AREA BASE/HOURLY COST
South Carolina 21.50
South Dakota 20.61
Tennessee 21.09
Texas (E) 20.86
Texas (S) 20.86
Texas (W) 20.86
Utah 21.50
Vermont 21.50
Virginia 21.50
Washington 21.50
West Virginia 21.50
Wisconsinn 20.86
Wyoming 20.86
B-6
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TABLE B-1

BASE HOURLY COSTS BY STATE/AREA

STATE/AQEQ BASE/HOURLY COST
Alabama $21.09
Arizona 21.50
Arkansas 20.61
California (N) 21.50
California (S) 21.50
Colorado 20.86
Connecticut 21.50
Delaware 21.50
District of Columbia 21.50
Florida 21.50
Georgia 21.50
Idaho 21.50
Illinois (N) 20.61
Illinois (S) 20.61
Indiana 20.86
Towa 20.40
Kansas 20.40
Kentucky 21.09
Louisiana 20.86
Maine 21.50
Maryland 21.50
Massachusetts 21.50
Michigan (N) 21.09
Michigan (S3) 21.09
Minnesota 20.61
Mississippi 20.86
Missouri 20.61
Montana 21.09
Nebraska 20.40
Nevada 21.50
New Hampshire 21.50
New Jersey 21.50
New Mexico 21.09
New York (NE) 21.50
New York (SE) 21.50
New York (W) 21.50
North Carolina 21.50
North Dakota 20.61
Ohio (N) 21.09
Ohio (S) 21.09
Oklahoma 20.61
Oregon 21.50
Pennsylvania (E) 21.50
Pennsylvania (W) 21.50
Rhode Island 21.50
B-5




Costing Algorithm

WATS costs are based upon the monthly average hours of usage per trunk in
the cateqories of day, evening, and night. Evening hours are charged at 65
percent of the daytime hourly rate and night hours are charged at 35
percent of the daytime hourly rate. Day and evening hours are costed on a
sliding scale depending upon volume of traffic. The first 15 hours of day
and evening traffic are costed at a base hourly rate, hours between 15,1
and 40 are costed at 89 percent of the base hourly rate, hours between 40.1
and 80 are costed at 78 percent of the base, and nours over 80 are costed
at 66 percent of the base. All night hours are costed at 35 percent of the
base hourly charge for daytime traffic., The derivation of formulas used in
costing is as follows:

Let B = base hourly cost for daytime traffic
Let X = number of hours of monthly traffic
Let F = time of day factor (Day = 1, eve = .65, night = ,35)

Four cases are developed with the formula to be used depending upon the
size of X.

Case 1. X is less than or equal to 15 or nignttime traffic,

Cost = FBX
Case 1II. X is ygreater than 15 and less than or eyual to 40.
Cost = F(15B + .89B(X-15))

F B(1.65 + .89X)
Case IIL. X is greater than 40 and less than or equal to 80,

Cost = F(15B + 25(.89B) +.78B(X-40))

F B(6.05 + ,78X)

Case IV. X is greater than 80.

Cost = F(158 + 25(.898) + 40(.78B) + .668(X-80))
= F B(15.65 + .66X)

Base hourly cost or B is determined in the programn by a table
(Table B-1) which maps the 58 areas described in the banding
algorithm section of this annex into the buse hourly costs fou
band 5 WATS.
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Trunking Algorithm

Trunking requirements are determined by iterating the Erlang B formula.
The formula is:

Where:

P is grade of service (probability of blocking).
E is Erlangs of traffic in the busy hour.
N is the number of trunks reguired.

The algorithm starts with N = 1 and calculates P. If P is less than or
equal to .05 then the number of trunks required is 1. If P is greater than
.05, N is increased by 1 and P is recalculated. This procaess continues

until P is less than or equal to .05. The value of N when P drops below
.05 is the number of trunks required,

<
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Call Banding Algorithm

For the purposes of banding, AT&T has divided CONUS into 58 areas (states
and divisions thereof). Calls are banded by the model using a 58 X 58
matrix showing the minimum band required to carry a call from each area to
itself and every other area. To use the table, one needs to know in which
of the 58 areas the call originates and terminates. The originating and
terminating area numbers are provided by a table which maps AT&T area codes
and FTS NXX codes to a number from 1 to 58 corresponding to the 58 areas of
the matrix. The row positioning on the matrix is determined by the NXX
code of the originating location and the column position is determined by
the NXX code of the terminating location (AT&T area code in the case of
off-net calls).
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Model Overview

1. The traffic engineering and WATS costing model was developed to
facilitate a cost comparison of the Federal Telecommunications System

(FTS) and AT&T's Wide Area Telephone System (WATS). The model reads a file
which contains a 20 percent sample of detailed records of actual calls that
were placed from CONUS Army installations over the FTS network and
calculates the cost of routing the same traffic over WATS trunks. TInput
files are derived from Automatic Message Accounting (AMA) tapes that are
supplied by GSA. To simplify programing, calls made during any full week
of the month are considered. Monthly traffic is estimated by multiplying
weekly traffic by 4.4 (4.4 = 31/7). Another simplifying feature of the
model is that only bands 5 and 0 WATS trunks are considered for carrying
traffic. Although this does not provide for optimum WATS costs, the WATS
costs so developed were lower than corresponding FTS costs in most
instances.

2. As call records are read, they are tested to see if they are in the
subject week. If not, the record is ignored and another is read. Call
records that are determined to be in the subject week are then checked to
see which WATS band (band 0 if intrastate, band 1 through 5 if interstate)
they would fall into. Traffic is then accumulated by band in the
categories of day, evening, and night. Although only band 0 and band 5
trunks are utilized by the model, accumulation of traffic into all band
categories provides for flexibility of future model enhancements. A
description of the banding algorithm is found on page B-4 of this annex.

3. As stated in paragraph 2, traffic is accumulated by band in the
categories of day, evening, and night. This allows for costing since
costing is based on average hours of traffic per trunk in the day, evening,
and night categories. 1In order to determine the number of trunks required
to carry the traffic at a given Grade of Service (G0S), busy hour traffic
must be known. To accommodate this requirement, weekday traffic is
accumulated by the hour in which the calls are placed. The hourly traffic
totals are then divided by 5 to convert to 1 day and finally, the highest
hourly traffic total is selected as the busy hour load for use in
determining trunking requirements. Trunking requirements are determined by
iteration of the Erlang B formula. A description of the Erlang B formula
and the iteration process is provided on page B-5 of this annex.

4., After the required number of trunks has been determined, average hours
per trunk (day, evening, and night) is calculated and the cost of one trunk
is derived. From the cost of one trunk, the cost per minute is calculated.
The cost per minute of WATS can then be compared with the cost per minute
of FTS., It should be noted that trunking and costing is done for two
cases. The first case assumes that all traffic is to be carried by band 5
WATS. The second case uses band 0 WATS trunks to carry intrastate traffic
and band 5 WATS for interstate calls, 1In addition to the cost per minute
figures which are calculated for band 0 and band 5 in the second case, a
weighted average cost per minute is also provided to allow direct
comparison with FTS costs. Sample outputs of the model can be found in
annex A,
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ANNEX B

! TRAFFIC ENGINEERING AND WATS COSTING MODEL

i Model Overview B-1
Call Banding Algorithm B-2
Trunking Algorithm B-3
: WATS Costing Algorithm B-4
Model Flow Chart B-7
Source Code Listing B-8

Sample Input B-15

_____ T 0. e e . LI S T SR RIS \ - et et A N e T

3 - . * - . - - - « et et ~ . . - - A - . - N - . . N o -
ExPL W IR, v WP AP R PR AR WAL W WL S SO WD VR WA ST WV LT W I Wi P PSP LI ST, TP, U TR S PP UG TRV W Sy S U W W A




b

, d S _ - RV —— - - e e

Y .

f . - — ——— e e —_— e e e ——ee —_— — e - - .l.ll[‘: .

, X D

! - -

q - S . R I

W . o , L L .

. N T o N 2

i - T

3 ; .

{ : e . R §

. : ) - .... [

: o o - .....‘
. - QA
- T g
- T T D 3 . .n.‘

|
!
|
|
i

——— - —_—— . — o

W

gt 2t T LT T T St T e et

Y

R % 8 x 3 R 2 £ ®P & ® PFT O§ 3 z 3 3

el

FY T A & 5 2 2 KRR E MR N oA oARME &M S

— I

T T T T o - N

“ 9

m "

B -

--

2

" .-.

“ ....

, . e e o e o _ & lb

——— e et o

atan

- o . e
T s
P - . )

[

b Y

s a

.
.
0
.
. .
- .
.

B 98 °£26990¢€ = 6 3 0 SONVH ONISH SONIAVS T,NNV Tvi0L- - .
T9¥T022%22 ~ = & ONVE ONISN SONTAVS TIVORNY w0l -

s
- q

® © ¢ &6 & o 06 &6 0 © ¢ 0o 6 © ¢ © o o ¢




N\

® ©¢ 6 ¢ ¢ & & & o & © ¢ o © o o o ¢

€L *6l€21 =31VISYIINI 304 S1J ONV ILVISVEINT 309 SLIvM INISA SOWIAVS TVANNY -

- 21%°089221 = 0 3 S SONYH ONISA SONIAVS SIVM TVINNY
- 0¥°%¥01Z8 = G ONVE ONISH SONIAVS SLIVM IVANNY -
- 64€2° = 036-1 AV -
* S _9€91° = 0 Ganve -
- 0022° = ¢—1 ONVE =
“ . .5092° = $-0 ONVE -
- JAINNLIW d3d 1S0GD 3IOVIIAV -
= 00°0 00°0 9¥°*8LOl 0 UNVY ~
= 61°EET 05°212 69°2651 4—1 UNVY ™
- 62041 80°BEE 9¢ 2281 -0 E:EJ_.
“ . ____31IN 3A3 AVO e
- HINUW &34 NNl 334 1500 «
- V6" L 2°9¢ 2911 0 ONVE .
u oLl €9°¢1 18°88 $—1 ONVE .
- ¥9°81 €6 €Z2°80.  t¢—-0 ONVE
- o i 311N 3A3 AVQ «
- HINOW 834 WNNY¥L 33d SUNUH 39VIIAY  «
- - GBE0° = 4 WNIDV. 9 ST ININIIINGIY wNNal $0d  £4°2 = 0 JNVE «
N o ¥BEO® = d YNLIY T1 SI IN3IWIAINDIY XNNAL 04 29°9 = $—1 OUNVE .
- 6¥%0° = 4 WNIJV £ ST INIW3IATN03T NNyl <04 t9°8 = &-U GNVE «
- - 9134Vl an0H ASNY -
» . £2° 2¢€" 0€°2 00°1 oL 0s°T  o1°1 TR4 €4°2 89°2 86°¢ lL°1 0o .
" 00°0 ¢0° 0%* I0°T (L 6%t ({54 SR ¥3d] 00°% 10°C  29°% ®0°v T LT .
- o €2 £E€* 08°2 20°2 g2°1 20°¢  8v¥°2 00°y €L°2 SL°L 02°B  Se°S $-0 -~
" vi-té t2-é¢ 22-1¢ 12-02 02-61 61-81 81-Z1 Z1-91 oT=C71 ¢i~el #i1-t1 E1-21 .
“ - €12 681 86°1 16°71 SL* 10° 00°0 80° 00°0 00°0 00°0  00°0 0 .
“ 09°¢ 0€£°9 1M 19°9 82°2 28° £0° 00°0 00°0 20° 00°0 00°0 -1
. €L°S 48] tT8°L t9°d t0°t 80" “t0° 80° 00°0 20° 00°0°  00°0  §-0
. 21-11 11-01 o01-6 6-8 8~1 -9 9-¢ G-v v—£ -2 -1 1-0 aNve

ANOH X8 JTIIVET 3D Sahon 39vasav AIvd .

lili, 0608°8IT  000°0  FL8°9¢ 00?7 I98° 9 I98%7y 1IN
006°0€1 000°0 €EL EE 000°0 EEE L 00€°isl LT

I5*0ts 00t°t PAN 4L 00Z%%2 008~ 8¢¢ [1 9 A Y43 VT

[4 v £ ONVE -

4 1 0
HINOW 334 JT43v¥i 40 Sunod w101 0ilndwd)d™ -

TRV T USORSYNH I3 69

"= XXN ON[LIVNIOTED n .

PR




T ’ HINOW w3d JT34Val 30 S3n0H WINI 031038037 .

- [ B . o e - . 4
_H - - T ) T T T T e T I
" o - e e e e e [ e e 2 . oL L 4
r - -
3 - . -
3 - o o ) -
r" - —_— e — ——— . . . ——. o _ L . B _ K
3 . o . ‘ N o -
g (W ‘ "
1 R :
1 ¢ - _ e .
v. - - _ . e L oo s . .\
3 ®- -4
, ® - _ i R
) - 11°9880GE =31VISHIANI 804 S13 OGNV 3J1VISVILINI 303 S1IVM ONISN SONIAVS WONNV - .
- S6°%bT1088 = 0 3 G SONVH ONISA SONIAVS SAVA TVANNY « .,
®- . 68°95650L = S ONVE ONISN SONIAVS SIVM TWANNY - ¢
% - s161° = 034=1 AV - .-
- ®-_ ___bltl® = U ONYH -
g * 9212° = ¢-1 UNVY - .
. “ €L12° = _9-0 UNVY -
ﬁ. ® - 3INNTW #3d 1SDD 39v33AvV - { )
" 00°0 00°0 00°1s21 0 ONVE - A
¢ - 06° 1Y 26°£101 81°8641 s-1 OnVY  « ¢
« 12°L1% 82 °696 YWE® 2822 5—0 ONVY Na .4
« 1IN A3 ave e 4
@ - HINGW ¥3d INA¥L ¥3d 4803 = ¢4 -,
L3 - .-
. U Ad-) SEN Y AY AN AT § QRIS U (] | R
[ 06°19 66°68 06°901 s-1 UNVY .
« (3 & X4 09°%8 Z0°2vT %4-0 UNVE
« i 31IN 3A3 _ ><al;? _ =
. ¢ - ; HINOW @34 WNN3I 33d SEA0A 39VEHAY
1 L] @
ST¥0® = 4 WwWaldv 1 ST IN3IW3IFINOZY NNudL s04d €0°21T = 0 ONVE =«
o o G6E0° = 4 WALV 92 SI IN3IWIYINOIA WNN¥L S0d  81°02 = $~1 ONVE .
T¥%0° = d WNIJV €€ S1 INIW3WINOIE WNNBL G0d  22°22 = -0 ONVE "«
. . - S J144V¥L ¥NCH AsnG .
“ 2s° 61°2 22°6 €1°2 S1°Z 20°% 2Z¥°t  80°6 25°6 02°l1 26°6 84°2 0o .
: . IE°6  2€°01 CL°%1 ©1°07¢ 09°91 I0°s1 OCL°IT1 GZ°%21 OZ°L1 0v°%1 D0g°*%l ZZ°tT  S~1 -
& - L 88°6  1%°21 g6°61 2€°2Z7 Gi°61 80°61 2L°v1 E€8°12 22°L2 09°$2 20°%¥ SE€°12  $-0 .
’ . ¥2-tZ €2-22¢ 2¢-12 12-02 02-61 bI-81 81-Z1 Z1-91 O91-¢1 &i-o1 ¥i-tT t1-21 .
" [
¢ - ’ 8G6°8  €0°21 &Gi°6 Z21°01 Z8°v 19° 80° 10° 29° 000 00°0 so0*” T 0 .
“ 86°€T 20°TIT 00°91 20°21 69°Z 62°1 81° 62° 22°1  60°* 19°2  EL°t e~1 =
16°2¢ G0°t¢ Gi°G2 t1°2¢ 1v°e¢1 Z6°1 2° Ze® TR T 19°2  wl°¢t =0 -
¢ o 21-11 11-01 01-6 6-8 8- L-9 9-6 -4 o~¢ €2 2-1_ 1-0 _ ONVE ¢
. 3N0H A JTddVEl JU STNOH FIVBIAV AVIVO ~ »
' e T 19€°2%¢ coi° 1464 €Ei-019 {9e° 1Y tec T ve I9v*9re 3ilIN .
- _ 009°616 EEELLL EELoLEY 192601 006 96 19:°29% 3A3
. ttg*otor  COT°%0L 006°C11 tcd°69 I96°t61 1336061 AVO -
N X 4 v 3 2 1 3 GNVg -




l —~r—y
o A4 ———— . . S [ . —. - .. - _ 4
ﬁA - - * \I,' L

1 ) - — T - ) T T - T - T Tt T T T - ) T T - - ”
- - L

! - - - - -
| - w e A
ﬁ. ” . T )

1 - IO S U L -
- — “ [
1] “w 4
(WS L B e - . ..\.u
- e
°- s - e e T
° - - -

- ) T TT°98126T <=31VIS33INT 803 Sid OGNV 31ViSVYLINT 30d SAVM INISNH SONIAVS TVANNY -

- 68°64962¢2 = 0 3 6 SONVE INISO SONLIAVS SIVM TVONNY -

®- E5°66BYET = 6 ONV'. ONISN SONIAVS SIVA IVANNY -

- - 1602° = 036-1 AV -

V- e _ Y . __.__%8E1°_ = 0 QOnvE -

= YA = ¢-1 GNV8 =

“ - ... de9e® = -0 QNVY «

o - 3INNIW 33d ASUD 39VY3AV -

. 00°0 00°0 sv°8l6 0 UNVY ~

- YE®9L1 25°v1¢ 91°1¢e81 =1 uNve

a 0L°vB1 26°6L2 11°€50? $~0 ONVH o

. - 31N 3A3_ 0 AVG N

G- HINOW 33d NWNal 334 4500 %

- $6°61 82°6 Y 0 GONvVE -

U - EY°E2 Ev el £€°6NT  S-1 ONVE -

- 56°v¢ 29°07¢ 20°T21T " %¢-0 ONVE ~

- __31IN IA3 AVO .

| W HINOW ¥3d NNNJL d3d SANUH 39VY3AV  «

« O¥EOD® = ¢ WNIJVY 01 ST INJw3aInN03¥ WNNAL S04 89°y = 0 UNVE =

Q- . L9%0° = 4 IVN1IV 11 S1 AIN3IWIYINOIY NNNBL S0d  26°9 = 4=1 ONVH «

« 6¥E0° = g IVNIJV Z1 ST INIWIETN03Y WNNTL S0d  L9°V1 = =0 (NVE -

- - .~ __J143vdl dNUH AsnE -

4. .

. Ly* 02* £8° 9° 'TH 80°1 2y* 89°¢  09°¢ €EL°% 28°v  0f°t 0o .

. [N 0L°1 60°Y  00°¢ 6t°Y ?2¢*¢ 0B°T t6°v 10°9 G8'9 1%°9 ~40°'9 =1 .

- 0v°1 06°1 €8°1 69*2 10°2 Ot°t 2z2°2 29°01  29°11 8S°11 82°l1 §t"6  $=0 .

" \ ¥e-C2 €e~¢¢ 22=T17 T2-0¢ 0¢-61 61-81 O1-21 L11-9T 9T-¢T ST=-s1  o1-fi €1-2v .

“ $0°t  09°t 06°% It 16° I9° 106° [ i 00°0  €£¢* 01 ey T T 0 .

“ 10 169 88°G6 BE°yY  @6° 09° iy Be*® st L5 £e" FARA -1 .

. 286 1G0T BE 1T ¢T°% %' T  12°1 A (A T 0%6° e 051 <=0 -

¢ . 21-11 11-01 01-6 6-8 84 -9 9-5 G-+ v—t £-2 2-1 1-v UNve .

T T aNoW K8 JT3Ival 30 Tanun 3bvaaav AV

® - - 19T°T¢ (3] 190%2¢  ~ €€6°06 T/ e TOUG*ost T ILIN

: 29%°Gh 001°21 EEL°B2 £E8°69 EL0° 18 192°¢6 ETE R

. TEEoCVEY 00Z°¢tL OYREXY4 44 M T 00%3°16¢ O ATY] Vo -

®-_ < v t 2 1 0 aNve ¢

. - - HINOW 334 JT33val 30 SanUW "WI0I 03lndadd ™ «




[\ T
4 - e _ B S e
® - -
® - o .
- ¥2°220L6  <31VISW3INI ¥03 S13 OGNV JIVISVALINI 309 SLVM ONISH SUNIAVS TVANNY -
- L ¥8°€9986 = 0 3 G SONVH ONISA SINIAVS SAVA TVNNNY -
o - 9S°b6E992 = G ONVH ONISNH SONIAVS SIVM TVOANNY
- 6912° = 036-1 AV - 1
®-__ . ebs1® = u unve - {
- 784 % = -1 UNVE -
‘- _9€62° = -0 ONVHY -
o - JLANTW ¥3d 150D 39vadav - {
- 00°0 00 -0 v oL o T GNvE -~ )
@ - ¥6°€ £2°12 11°8¢¢1 -1 UNVY :
“ $6°92 €6°1¢ ¥ 991 -0 UNVE @
. ILIN 3A3 AVU
@ - HINUW 33d WNNBQ 834 150D
. Iy AL 161 €637 0 aNVE .
Q- 25° 25°1 8v°4%9 s-1 GNVH
- 8¢ 62°2 EVY6 ~ 46-0 ONVE
« o 1IN 3A4 AV . ‘e
o - HINOW 334 aNN8l a3d SINUH 39Va3AV - g
= SIEO0° = 4 WALIV 07 T INJW33IN03d XNNdl <0d 85°6 = 0 GNVE - 4
@ - s $220° = 4 VLIV L SI INIWIYINOIY Xi.N¥L »0d _ 20°t = a-1 anve - @
- 8Z€0° = 4 WNIdV €1 ST INJw3dIno3a »NNdl +Gd ~ €L°8 = &-0 OnvE - A
“ i ) L 9134vyd. dnUW ASAB . o
- - QY
00°0 20° 80° 01° s1° i1 <v° 26°2  16°t  Bs°S 10w L¢°t 0 . g
“ 00°0 00°0 00'0 Z1° oi° 00°0 <2 I9°1  20°t 6l°Z o0t°*¢ 1&°¢ -1 . A
Q- o 00°0 20° 80° 12 c2° e 19° €£2°v  86°9  LE£°8 LY Eu"s $~0 k
’ " V7=€Z €2-2¢ ¢¢-1Z 12-02 0e-6T7 61-817 B1-Z1 Z1-91 97-¢7 Si-%1 ¥1-t1 &1-21 T ah
' -0 O1%C  99°y  22°%  Gv't  G@° 60" 00°0  00*0  00*0 " O0UY0 T 00°0” To* T o . @ .
" 80°2 16°T E6°2 &5°1 00°0 S1° 00°0 ©00°0 00°0 00°0 00°0 00°0 =1 . .
. §T°% %95 GII—00°¢ ¢ A §0°0  Ovo°0 O0'0 000 000 ¥0*T T =0 . | ‘
o o 21-11 11-01 01-6 6~8 8-e -9 9-¢ - y-t t-¢ -1 1-v anve . @
. T T I T TUTE00H AB DT UVEI 30 S40DH TOVEIAV AV . S
e T T ) —I9t” OO0 0 600°0 00070 GOETE T U TOLTZY T MIN . @ 4.
, 00%°y 19¢* 00f °€ 19e* 002°¢ 19061 A3 .
. 79118 06 1T IV 43 Zﬂ.ﬁ'ldqajmaﬁﬂll TRVO .
- N o o s Y 13 2 i owve - @
i ‘ - : T i T T HINDW 833 DT1434Vyl 40 San0w ..ﬁ: 55.:.8-:
! L) T T T T T T T T - 173} CAY T AN IJWINY TTRINT T 685 T2 XA uEZzG:El @




W L e ) e
Qo - T o T T Tt T o .
. .
- R o L
- 90°2665%€ =31vVIS83INI ¥0d S13 ONV JIVISVALINI 803 SIVM ONISA SINIAVS TWANNY - 7o
- - 8Y°26£%06 = 0 3 6 SUNVH INISH SONIAVS SLVM TVANNY - -4
© - 20°9%5552 = G GNVH ONISA SONTAVS S1vM TVANNY = 44
. o . .xq.
- 2byl*® = 036-1 AV - .....4
©-__ 8640* = 0 aNvg - )
- 0B6L* = o=1 GNVE = 7.9
e . : ; ‘ L99¢° = -0 ONVE - "4
e- JIONTw 834 LSUD d9vudav -
- 00°0 00°0 72°925 0 anve -
¢ - e €0°2€1 £E2°HEY 10°958!1  o-1 GNVH -
a o1°*8g1 6G°6EY 10° 650 <=0 cz;w.
. 31IN A3 ava -
€ - HINUW ¥3d XHNdL 83d 1SUD
« 96761 ' § s zul 0 ONVE .
| VA $5°L1 0v°LE 60°201  s-1 ONVY .
- 10°12 6v°tL 6t°1/T ¢o-0 ONVE «
« o 1IN A3 AV
- HINOW 83d NNl ddd L3NUH 39V4IAV  «
u €6¥0°* = 4 WNIdV T ST INIWIAINDJda XWNNBL S04 VL6 = 0 ONVYE =
. - B T16€0° = d 1VNLIV 02 SI IN3W3BINOIA NNN¥L S04 St*VT = =1 UNVH -
- 26€E0° = 4 1Vnlov 0t ST IN3IwW3BIN03a sNN¥L 404 ~ ¢b°t2 = «~0 UNVHE «
. o o o .. ._3144V3dl 30UR ASAE -
" S¥°2  0L° 29°2  0§°2 212  89° 04°2  29°G  16°6 _ltTL Iv°H sl 0 .
. 89°2  16°t GE°G  Cv°G BvY'¥ E€@°v IG°t ©60°b6 GE°Y1 t0'6 sv°0l U6 @ =1 .
. €1°6  l2°v  16°L 66°L 09°9  26°S  12°9 0L°%1 26°t2 0%°91 2Ze6°8l €191 -0

» ¥2-t¢ €¢-22 22-1¢ 12-0¢ 02-61 e61-81 @1-Z1 Z1-91 "9T-6T "G1=-¢1 #T1-T1 ti-¢1 "

oo - [YRF) 2¢°8  0.°6 +AX 2T B & 20" 0¢° A 00°0 TR0 Lt T 0T T
" 0T°21 BE°2Y GL°€T 22°.L €5°1  82° c0° £0° 00°0 00°u  ys* £e” S
. S0°6T 09°0¢ S%°'tZ 25°TIT Bo ¢ &v° 0" T r4 & 000 0% 0T T T TE0 .
. 21-11 11-01 01I-6 6-8 8-2 -9 9-¢ S=h -t £E-¢ 2-1 1-0 UNvVE .
. ANDH XG ITIIVIT 307 SINOA ITVEIAV ATIVT .,
. voT Y TEC%Y T91°8y " ~ 006°€% T UOY*9TT —"00¥*627 ~ ITIN .
. 006°861 198°12 199°201 000°46 190°09¢ 199°96¢ A3 .
. (44842 T4 T9T° LY T99°% %7 DOGIET T EE9CHOLT  TEOUOSY  AVO .
‘ 4 v £ 2 1 0 ONVE
‘ T T - - T T e HINOW 33d 79733Vl JO S¥NUH V101 TU31ndR0OD™ .

S, ———— — N o\ T I SEY = XXN TONTIVNISTEO




N

® 6 o & & ¢ & 9 & & 06 & & & O 0 o -

r

(92 XT 010X E IO XT ET*A0E1*XI%214Xy)iVmaUd 091
WILTVICLINIOXXNLSUSFUDD LSO XXN*AVOIU914s)0YIL OVl

NI Viv0 vV Uv3y

(
T YL T=T4 (1) elv3av) ko

|
L I1SY

1) ivuau
¢1ty)

av3

a‘u
e
"~

1

9
3WVL 300D vIav vl J
)
1

(1165)1vwaud 00
(854 T=F4 (8  T=]%(r*1)191OUNVE) I (OOT*E)UV I

(°4d)iVwaud 0

(864T1=14(1)1502934)1108¢2)0VIa

)
378Vl 1S0D 9NINNIODIY avid 3
]

AVO1%s UVis
(#3X338 NV3I]D 1ST ONINNIDIB AVOANLVS 40 3IVQ d3INI$*OHT ) IVW A0 09

09 J11am

G3331N3 31V0 HLIM ONINNIO938 D1d43val S, X33M INU S4SA WVaUad

2
3

JIVO ONINN])938 40 AdIN3 3AJLIVAIINT J
B
A

3NNIANDD 0

0=(r*1)awil
__o=tr*1mnsi

T Es1=r 0% 00
941=1 0% 0UdU

INNTANUD [¢74
1) €INDaH

0=
o-._.N»zua:
 0=(1)ANDEH

¥2¢1=1 02 UU
6666=XXN]

0=11Nn0
0=CLAVSKIIS

0=2AVSWNS
0=TAVSHAS

SIMVIaVA 3ZITviLIN] J

& UNImMJy

v INIM3Y
£ JUNIMId

¢ INIM3a

J
«STIVIS. 86 JHI 903 SJIIvd ONINNTOIE 30 3evi v ST 1500Lxw 377
$300) 31viS 01%3 S3I00J XxN GNV V3IAV dVW 0L 035N S1 SI diviey J

3IvIS AY SONVD SIVA J0 XI81vw v ST TIIGNVE 9
J

TV {EVESBNORTTE) Z54N0H NOLSN WG
(EIWAICLEDONVITIC (E)SUNNYL NUISNIWDU

TP ECINIINS IR ZTZIND BH* T2 VIND AR " NDT N3N TU
(€)E4S00%(€)21S0D4(ED1S0D4(uG)LS0DIIIGC(ESANOH NOI H>NIRIU

NI (e o NS T3 T Y TRIVIGVI (B G T 6S 1 10 TUNVY NOT SN3WIO —
033ZLIN*SOLTLIN*WNSILIN TV3d

T TTOINEL 3 193INT
TOLVIAVE I8LANVH WL WO IIND *XXNLS U 300D ASACAVU d194)N] .

9TV g IVI v IaVItETaVI I VI INGIND " ININT T TOWSTVA Wids0ud ™

ONILSIT 3A0D FIdUNO0S

-

adalal e 3. s

PV AP

.




N

® © ¢ ¢ o ¢ 6 o o o o o o © © © o oo

.

3
%
g
.
A

- oyl UL Uy -
» L _ o o e _WILIVIaS e AXIANTDEAND gH=( XIUNTD EAND aH [} (A
- . ovl 01 09 -
- WILIVDeG+ {XIONTIZIND OH=( XIONI) ZIND aH -
- 01t 0L 09(1°03°1)3] -
- o o B WILIVI#G+ (XIANI) ANDUH= (X IANE JAND gH -
» pt ] -
- L e O GNV*S5~1°6-0 SONVHY 304 DIS3VaL ANMNUH I4VIONNIIY D =
- I =
- 1=X30N1452°03°X30UN1) 3] -
® 140017 1IN =X30N1 -
..l o e . e l»lUll..
- ANOH A8 J1JdVJ4l AVJ X33IM INIWWNS 203 X3IONI d0T3A3d ) -
- . P Uqln
- OvT1 0L 091 (T+AVQI)*03°AVG"4I°*AVO]°03°AVU)S! -
“ o
- AVONNS 30 Ava3Nivs 303 NI4HD ) -
- ) [ .vwaI'
- - WILAVDac+ (T DINAST=(F*TIWNS ] -
~ o ) )
- ‘| 2134vdl 40 S3LINNIW 31VINWNIDV )
- o]
- - JANIINUD 006 -
- o o . e=r __082 =~
- 00t 01 09 -
« ) €=l 092 =«
- ovE UL 09 «
- ﬂﬂﬂ -
- 092 Ol O9((T+AVQAI) 01 AVO)I] -
- B 082 0L 09(00€2°37°JINJ ONV TOZT*39°4INDIIIL -
- 092 01 09(0080°371°L1INI*¥0°T10€2°39°1IND )41 o
. 092 01 09(AVOI°03°AVQ)3l !
- U m
- (IHOIN SONINIAI *AVG) AND93LVD 3IVY 3FHi INIWdIL30 J
- U -
u o T+(r*21)WLIUNVE=] _ O0¥2 -
- J) «
- _ L GNVH 3HL INIWddLs0 2 o«
" Y«
- 061 01 09(66°03°F°U0°B6°0 3°r )31 “
@ (XXNISGI8LVINY=F “
“ o o 051 01 DOIBBL 19 XXNLISA YO T 11 XXNLSTOI4)
- 002-XXN1ST=}XNi S0 022 «
- - __ 0%z 0L u» .
" T 0%1 OL 09066°03°r°30°66°0:°F )31 .
“ (30021s0)WevIav=r .
. 0%1 Ol 09(882°19°30001s0°20° 1 17°3¢03..50131 N
. e .. 002¢-3u02150=3003150 -
- 022 01 0910°063°%300Isu13i
L[ 1]
« - N 3000 v33v GIvA d03 w23HD 3
- 0Z2€ U1 O9(XXNI®N“XXNII1
T T 0 T 3LTS MIN 404 wIIHD T
. - 7 - - 00T O1 091 (9+AvaI)*19°AvVO*a0°AVUI *1Y° . VUIL] 00
’ - %3i3W I1JDIFANS NI ST AvVU A1 MWI3W)Y 77
T T T ’ T TTImTT T e o e e e T o T T T o v2e UL U9
o ~ o B o 1=1100
T i T T T e ToTrT Tt N Y IPAT (3 S A R RS RNV R E )




R . 1=N
T2ev 01 UD(0°04° (1 )INV I
€41=1 0%y UG

(N)1IVI/NesC1DVONVIB3=d0L

0

oy

VINWZ0d4 6 ONVI¥I ONILVHIL] Ad SAINIWININOIY ONINNDIL INIwd3ILd0

_3ON1INUD

(I ELNDBH S (£ INV I3 ) TXVWY=(E) INV Tad
CCIDZANDAHE (2D ONY B3I IXUNY=({2) ONVTd4

i©
L5

m QLo

- CCIVINDUHS (T)ONV B3 Y TX VWY =(T)INV a3
0°00€/ (JIEANIBH=C1) EAND BN

0°0Q0E/C(1)2LINDAH=(]) 2LND A,
O0°00€/LI)INDUH=CT)INDAH

NIIM AVO-S dHL SIIVA4AV

GNY S¥NOH OL S3LINNIW SL13IANDD 00t Ay NUISIAIG

¥2*1=1 0EE 00
0=(€£)INV 133

0=(2)INVIdI
0=4T)INVIa]

W Lo W

O GNV4S-T¢6-0 SANVSE JIdJvylL afly ASAd AN

3

(ES1)3WI4=033ZLIN
(2T)3Wli=U34323A3

(1°1)3K11=0432Av0
(ECT)3MIi-wNSILIN=GULITLIN

(2 1) 3Nl 1-WNSIAd=¢1ITIAT
(1°T1)3NIL-WNSAVA=GULIAVY

ANKTANGD
(€ 1)3MIL+WNSILIN=WNSTLIN

0

9¢

(2 TVaWTI+WNS JAT=UNSIA3
(T¢1)3WlLenwNSAVA=HASAVG

9%1=T 09t 04@

0 ONY SG—1°G-0 SONVE N®3%Q0 AB D1d3Val 371 aVuWNns

—5—.
J

0=WHSILIN
0=WISIA

0=1NSAVQ

SIGVIIVA ABVWWAS JZTAVEILINID

InuTINDD
veus(r*1)3Wll=(r*))anil

(L7160 %°v AW ANdl110MW

11
SHINOW O1 S»33M WO¥3 dJWil Lu3AN

T

J
)

0 09/ UF*1)3RIL=(F*1)3NI1L
(Fre1)wnSI=(r*1)duld

€3T=F (%t 0C
9¢1=1 ¢yt OU

067 01 0916066 64"X3NT) 31

T4 N

SINOA 01 193ANDD ONV AVIaV IwT1 0 (whSTY Avaoav Jd13dval JAOW

TTUTTTTTTOVEIY 030039 Us T ST USsIHD 41 A9vlwNs S$3andiag 02t d3is
AINLLINOG A2VWRNY

.
- @

..




T 0=SuH101

.- _ R . I e e 2 -

. SLVM ONV S13 N33M136 IVILIN3333310 150D INIAd3L30 )

. 9AVWLIOU/9AVI0L=DAVNGD
- (ZISHNMYLBGI  TE+EE ) SANNYLOSSIDIVIOAV BL=DAVIUL
- INNTINDD  Obé
- S o (E)SANNYL® LIDELSUD+OAVUL=9AV UL

- (ZISANNELS (1) 21 SOI+IAVIDL=0AV UL

o (E)SHNNAL (1IESHNDHA0 09 +IAVRIUH=IAVNIUY

“ (ZISHNNALs(1)2S3N0He0°09 *IAVHIDB=0AVWI0E

. — — B e _k*1=] 06y UG
- 0=9AVdUl

- o 0=9AYWL0E

. OW01108/(SS32IVe0db1I) =€) dD

. (LEDESANDH+ (ZIESANOH+ (TIES FNOH) +09=0 W01 108

- (E)ELSOD+(2VELSOD* (1)ELSOI=UL0L

S —— : $S402vte UvV3Y L
- (7#394VHD SS3JDV O ONVE 3H1 d43ANIs*OHT) LVWAOd  ou¥¥
. _ __68Y dilam
- (EST=I¢(DELSUDI* ¢ aV3a

- (/#LHOIN ONV_*ONIN3AI SAvGe*xXT1

- 7¢S1S0D0 O ONVE ¥3IN3 3SV3I1de*X1¢0HI) LVWaUS OBV
OBy 3ilaN_
((XxX2*2°84)eX2¢%% S1 LHOIN ONvY .oz—Zu>u SATUsX11

“ . /%0 ONVE 304 ANN3L/IOVSO J0 SANOH IOVAIAVe*XI) IVWwalUd 09y
- * (EST=15(1)ESAN0K)* 09y dLlanm

. (EISXT«3000 XXN ONIIVNIOINU BUA4* THI) LVWEGS 0oy

- XXNI*0Gy 3llamM

3
. AIIATIOVEEINT G4331N3 33V SLISUD 2
b)
k]

G341VHOLAY 10N ST ONILS0)D 0 OGNVH

(EISHNNYL/0dILLIN=(L) LSBNUNH
CEISHNNYL/033ZdAT=() 1 SAN0H
__LEISANNYL/0UIZAVA=( -.-w¢:cz

. .N.mxz:«b\mchﬂ».zu_m.mmmmmwn o
(ZISANNEL SOLT3IAI=(ZIZSEN0OH
(2)SANNYL/SOLTAVA=(T1) 2S aNUKH

((1)WdI*IS00%8SANURI a31500 1D

(21115009 3u=d
(IISHNNEL/RNSSIIN=(L 1 SINOH
(1) SUNABL/WAS IAI=(2 s SINUKH

(TYSHINNBLZWNSAVO=(T 4 SanoH

[~

Sy KL D
ONIL1SO0D 3HL 00 OGNV 0 GNV $¢-T1 ¢$—0 SUNVH dUd b}

» (IHOTIN *ONIN3AI *AVQ) ANNAL/SHNOR DAV IN[wa3d1dqQ 3

.

-
~|
)
i
o
-
=i
P~
X

-
b4
[=
z
[=
[

(&)
o
('™
'S

«

&)
-

>
=
x

[
W
x
w
-
x|
W

>
Z
=
(8]
-4

=
[
<,
L

N

® 6 ¢ ¢ o6 & o o © 6 6 & © O o © o o

. INMTINGD  Ove
w N=(1) W NNNAL 113
- Oovy 01 09
‘ — V=010 SANRYL r{x)
. - Ty T 05T T T T
‘ TeN=N
. ‘ Tty UL U9ts0t0 4% 0 144
. Wulluy/du.=(1)d
. 3(WM1INGY ~ 02
o ) (1= 4DV CLT=F )as (1 )UNVIIID e wULLIUE= 4O LLUY
‘ o T Ty T me e e TTTTTTT T TUTTT T T UING e uew LU

*h=dh
V=wlliUy

IQ




n

AL Pl Sa

v

A M A i

o lEfN=1001020500)002249) 300N

(IXEC2°R4)E*XE 450 ONVHe*X12
/3411IN ELY ) AVae*X911

{IXE 2 BIVESNES9G—T1 ONVUS *XTD) 1 VmdUI

—
—— -
02t -

~
]
b

/#HINOW ¥33d NNNYL 334 LSUDS*OHL) LVWEUS
(E¢T=14(])1502)€002%9}30)um

((AECZ°9A)ESXb%40 ONVOe *XT) iVNA0SI
(E*T=1¢(3)ESUIOH) (OB 9 I1]am

CIXECZ°94)ECXECS—T ANVHSSXT) LVNAOT
(E4T=14¢1)2Su00H) 1099491 3ilan

(IXE42°93)E*XZ445—0 ONVHe*XTZ
/%31 IN 3A3 AVQ X1

/#HINOW 33d MYNNdL 33d SUNOH IOVAIAV*OHT) VW80
(ECT=14¢])SynOH)(0¥9*9) 310N

(Y°G38XT%e= d TWWALIVESXG*2ZISXTT
#S1 INIWININDIY NNNYL SOde*XE42°63¢XT¢s= O ONVHe*XT)IivWaU3

HENACLEISANNALC(EIINVIII(029¢9) 3L ] uM
(vy°64¢XT*s= d VNIV XG421X11

#S] IN3IWIYVINDIY JINNYL GOde*XEC2°GIXTa= 6-1 QNVHs *XT)1IVNAUI
(21 d (2)SHANNBL  (2)INVTE3(00949)311aM

(9°GdXT%a= d TVALIVA*XS 2T XT ST INIRININODIY ANNAL SCde*XET
$2°64XT 8= 60 ONVO#*XT/4D]J44Vdl ¥NOH ASNEx*XT*OHI) LVWa0d

08¢

(T)dC(TISANNYLC(TIONVIYI (08G9 ) ILT AN

0Ls

(IX242°64)2T1Xv* 504 X2) LIVNIOS
($2°€T=1¢ (I)EINDUHI (0LS*9 DI LT AN
((X242°64)21XE*#5~Te*X1)IVHIUS

£9¢

(V2ET=1¢ (JI2INDUH)I ($95°9 )41 M
(UX2°2°6d)21XE*s5-0%X1E

/392-E28* X2 2-2245X2%#22-12%2
: X2uT2-024°X2402-6T#* X2 #61-0T14°X2481-L124X2%L1-91s1

X9 T-CTo X2 ST 9T X2t avT-CET X2 o ET1-2T¢*X9¢0HT )} AVWIUS
(VZCET=1*(1DINDUHD L0954 9) 1AM

09%

A R’ &

(IX2%2°G4)2T4X%%+08*X2) 1VNAIVI
s (2T4T=]8{IDEANDUH)ILO0SS%9) L1 dm

0¢S

1IX282°63 12T X Cs—Te* XTIV OO
(ZT4T=1C(JIZANDUHD (69649311 aM

((XZ¥2°4 2T XE*e6-0s*XiE

7921114 X2¢4T1T-014X2% OI—68*XE*4b6—88 XY  4B8-Le XV 0l-98%X02

S9Nt G Va XV R V-E XY (-2 XV 02-To *X¥ 4T -0s ' X aONVAS*XTT
/8310H A8 D134Vl 31, SANUH 39VY3AV AVIvas*xTSOHT) LVWal 3

$vS

ovs

21 T=T5 (1) INDUHY (0S¥ 9 ) 31T AN
((XE*E°B8I)I* X2 oL INS XY

T %XET 9% 03 A0 X1E
J(EBA*XE)Y #AVIL*X12

TSt XOT aba " XOT ot ¥ x0T 4 2o XOT T x0T 400 XI To NVt xT11
/#HINOW ¥3d J134val 40 SANOH TVIOL G3UINdWUIs*XT10OHT) LVmaUd

(E =T (9% TI=1%({F I 3INT1) I (025*9 31T oA
(E14XT% = XXN ONIIVNIOTdU#* IHL) 1vWaUd

XXNTT00$¢9 Y311 am

180d38 INTyd

CIAVISTAVIUNS=CAdSuwiS

2IAVSE2AVSWIS=2AISKIS

T TIAVEITARSHNS=TA7SkNS
023 (IECTIIWIL(24T)INILHT*T)INIL IO (£92°-CLINdDI—= JAVS

T T T TTTTT09021 48 aH10 e (£92° -5AVNdI ) == dA VS
094218 S8HIUL el 9"~ 1) WdI)—=1IAVS

® ¢ & o & & & &6 & 6 o &6 o & o o o °

NN TINGD

Y44 UL UDUT00T LV SaHIULIA]

-0 T OTird i InllesgHIUL=SaR1IOL
£*1=F sov UU

1=l sov uu

(T4

00% -

[ERT T
t




-

<

b S

c

N

® ©¢ ¢ © © o ¢ © 6 © ©® o o © ¢ © ¢ o -

& & rR R

066 DL 09(°0%*31°(1)SANDHIA]

0l6 U4 09(e*Di°1)4d]
SE°=301JVd4t°0D3°1) 41

69 =d4019V4(2°04°1141
T=4042VA(1°04° 11 4]

T 7T T Es1=1 e 00
e 048034

(€11502%(e)SanNUKH NUTSNIWLG
(Wd2*1S0D*E*SINUHIAILSUD INLINUabns

R)
el S1VM 40 150D ON1d4 U4 sN1iNODabOS 2
o)
s . _OUN3
PTTRS
Y 311 40N -
(2°214*XT%%= 3LVISY3INI 303 S13 UNVe*XT ¢
o #31VISVALINT 30dJ O ONVE ONISN SONIAVS TIVANNY ViU, 8*X1 & o
72°213%XT €
- #= 6 3 0 SONVH ONISD SONIAVS TVANNV TVi0ie*XV 2
72°213%x1 1
#= G ONVE ONISH SONIAVS TVANNY TVIOL1#*X1*1HI) JVWdaDd 0001
EAVSWNSSZAVSHAS*TAVSHNS(000T*9)J1]an 666
)
S311S 17V 403 IVIAIN333331Q 1SUD 30 AVWWNS )
2
002 0L 09
0yl 0Ol 09(66°03°21°30U°86°03°21)4]
(XXNF)IAV3I V=21
e O¥T 04 09(HYL L9 XXNI 30" 1* LT XXNF )31 o
00Z2-XXNI=XXNF
XXN=XXNI
INNTLINOD  Ov8
0=(1)€SaNaH
0=(112SanoH
o=(iiSanun
- ©8T=0 0%8 00 ~
e O=t1)eINJUH = 028
: 0=(1121ND¥N
U=(1)INDBH
ve¢1=1 028 04
_ _ 0=(r*11wnsi 008
- 0={F*1034li
_— £41=r 008 0C
I 9¢i=1 009 04 B
__ 3UNLINUD - 08L
- - 666 01 09(T1*063°1inoyal ~ oIl
(2°0T4*xT4#=31VISUIUINT 404 S1J GNVe*XT & o
T #31VISVHUINT d03 SIVM ONTISN SONIAVS TVANNVe Xi &
JZ°0T14*XT1 € B
#= 0 3 G SONVB ONTSN SONIAVS SIVA IVONNVelXT ¢
72°014*x1 1
#= G ONVD ONISTU SONTAVS SIVM WINRV ' XTSORT ) IvWa03 el
LIAVSSZ IAVS S TIAVS(GZ2%9D L] um
/T T Y9IV Ve 03561 AVe XTI ivwaU 4 oL
YAVHAI (042490 31]4m
ot m T TorTs T mTm e e - (v*9348x2%e=""0  aNVIsiXIE
J9°94°X2%s= &~1 UNViIe*X12
- T T T/ T - 7V 935XZVe= S=0 GNV I X1V T
/43LNNIw 334 1S0D 39VaIAVe*OHIIivwals 09

TTES1=1¢ (Y IWdIN (0926 9) 31T am
(Xt 8 4)e*xves40  ONVHe* XD L 7watid

(e FI=T8 () ven sDITORIC9 ) a1 an




.

N

® © 6 & & ¢ ~ o & & & A 06 & & & O T

- b
- ..,...‘
_—m - I T T — - T - - TTTTTeTT o - I! .-.‘
o L LR
o g
_ - e —_ . N |
e |
e o=t
—
B AL PP - «%
N3 .
___Nanl dd “
INNTINOD 06 =
_ 086 01 UD(TI°IN°N])3] .
1-N1=N1 “
NIe1DVd4=12dvd Q86 =
046 0L 09(0°D3°NI a0 1°03°N1141 “
_ _ S, 1=40vd = -
N=NI N
o INJ1JVd NORLAONND -
he TR
FIGWNN V 40 WId01DVd 3HL ONIJ 0L 4avlinua 3 -
3 .
I —— . ON3
Nonlda .
— WlL/869°1EeLSUILI=Wd]  ___ ©
(17SaN0N+0°09+3uit=3wll 096 «
£41=1 )96 UG "
J=dWll .
INNIINGD  0le 4
- (. T LSGI+1SGIT=15031  0%6
V. 1)SENGHSBL°0460°9) 8 30LIVAsu=( 104500  Ove
T T, e T T T - T T - : 0¢6 01709
((11SUNUHS6E°0+59° T )& duLIVied=(1)150) OE6 -
0s6 O1 09 .o
(1)58NUHealLdVIeu=t idisud o026 - @
I - . T o mme Tt/ T TTTTTTITTT UTTTT T G066 0109 T T T e te
(IS ENUHA99°0469°C 1) 0L IVIeu=( DLS0D g
— T T s f T Tt T 0w 0T 05 1T0 IV TTIISanoHY 3l . N
oY
S
—_— Ja— [, B . sem - . - T SR PRI WO 3 Y - cete’a’d]




e © 6 6 & © & & ¢ ¢ 0o o o o © o O 0o &

342¢/:0
$1C0

31v¢
CN

€f20074.0 317

2LC0

N

LNy

Itvae

(5
-

L.
PR 0

(S W )

%

Y

[ XN

NIy}
SINV)
40
¥ U]

%0l

IWld
1I3NKNOS

$¢01

“Wll
LJINNOD

-
"o

—
-

Tl
CIIANTw
00
CIIONTW
Tt
SIIANT N
Ses¢
SIINNT A
“136
STINNIN
bzbt
SIANTIN
Lokt
S3IINNTW
téve

1x3
1S32Q

13043y

SIANNTK <2

ciee

SIAANIW CL

G232
Elié
(WA
S3IINANIW
(X321
SIINNIK
1428
2932
C31INNTIW
L&
C3ILNNTIM
699
SILNANTIN
f239

A

1

2

a04d
415

20z
b EEY
L5
292

b

.
-t
-
<t

i

-
-4
<2
0y

o
-t
)

3
-
~ _r

v

SOUSSINW 0:J8003¥

w .

-~ -
A R W I R
Qe v o =

~

L&)

(SN VIS N oX]

VWY

[

r

FO—

~

1w S

Iy

-

s

iy

Ly

-—

.

+

-— . —

B

e e L e i e = —

B-15

A4

kX ® 0 0o 0o o

® o 9 0 0 o «




AN I

T

AT s TV TL YW, W
S

¢
o
®
]
@
i - oot - -
' b e ) oot t o Tl -
plL/80 Fdvwe NG PSR GRS TR c LR R
' 3bCu ON atic \ A g .
c
1M7L 3TYSSik G2IN0TL VWY -7
® l &
SHANIN S| <Gz STV L ey :
evD L0 cgel ez%3 SU§ €1z sesl ‘ i
¢ CUNNIW €1 204 SITvd 4 .ottt
b0 cied L 36 § b Loel L
SIIANTH ¢ 203 S1I¥S Lt -
L R T L2ct N Ses The svel : L
iel <uls €251 yfes Soi £l ivel Lo . {
TIAINNTIN | Yo STVD ! L. L .
® 16y e TEil 2075 iy Sht ii6l !
CIIANTW § 30= €1ivn ) a0, -
e $ocy Loot rity 2d7 $17 Giet IS {
[} ETHIR O S LR U
L3t 255 b Cavi lit caT ziel . )
U UARTR :: “iivn L TR -
| 2 S o e b 2210 che st ‘
< e 1 ety T :
e Lot <ol Y L1 212t .. 1 !
e < v "1 S RL A L : ‘
ORI L til) 5 S . b [AAt e N N
2y 7 oD tx- 2.
.. REST =C Wil 2 X% Voot L L
ALI3 HESNIT 12INNGD 1572 15 1< 0 Qg - .
o : S
® L0 3tvionas f e Vo
“LCd N 3. ,. .
o NI D B TS tat ..




ANNEX C
REFERENCES
1. AR 11-28, Economic Analysis and Program Evaluation for Resource
Management, 2 Dec 75.

2. DOD Instruction 7041.3, Economic Analysis and Program Evaluation for
Resource Management, 2 Dec 75.

3. GSA Automatic Message Accounting tapes for the months of Dec 383 and
Jan 84.

4. FY 80 House Appropriations Committee Report; Extract of communications
appropriations report.

5. Message, CC-0G, 291740Z Nov 79, subject: Federal Telecommunications
System (FTS) Implementation.

6. Message, CCA-DS, 062243Z May 80, subject: Federal Telecommunications
System (FTS) Utilization.

7. Message, CCA-DS, 111510Z Sep 81, subject: Maximizing Utilization of
the Federal Telecommunications System (FTS).

8. Message, CC-CG, 0412237 Feb 82, subject: AUTOVON Grade of Service
(GOS) Upgrades.

9. Message, CCA-DS, 211645Z Oct 82, subject: Federal Telecommunicatioons
System (FTS) Usage — DMATS St Louis and Ft Huachuca.

10. Center For Communications Management, Inc (CCMI) Interstate Services
Rate Digest.

11. Control Data Management Institute, Control Data Corporation Telephone
Systems: Selection, Operation and Management.

12. AT&T Telecommunications Glossary, 1983.

13. GSA letter, 21 Jun 84. No subject. Letter Projects FY 85 FTS Costs
for the Army.




AMA
AUTOVON
BOC
CCs
CONUS
DA
DCO
D&D
DDD
DMATS
DOD
FTS

FX

GOs
GSA
LCR
HAC
LATA
TELPAK
USACC
USAF
USAISC
USARCCO
WATS

PR St iy

ANNEX D

ABBREVIATIONS

Automatic Message Accounting
Automatic Voice Network

Bell Operating Company

Hundreds of Call Seconds
Continental United States
Department of the Army

Dial Central Office

Divestiture and Deregulation
Direct Distance Dialing

Defense Metropolitan Area Telephone System
Department of Defense

Federal Telecommunications System
Poreign Exchange

Grade of Service

General Services Administration
Least Cost Routing

House Appropriations Committee
Local Access Transport Area
Telecommunications Package

US Army Communications Command

US Air Force

US Army Information Systems Command
US Army Commercial Communications Office
Wide Area Telephone Service
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LETTER TO 7TH SIGNAL COMMAND
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DEPARTMENT OF THE ARMY
U.5. ARMY COMMUN TATIONS COMMAND

FORT HUACHUCA, ARIZOMA 33313 -t

JUN 2 2 1334

REPLY TO
ATTINTIONOF

JPs

JECT: Procurament of Least Cost Routing (LCR) Devices through AR 5-4,
Cnapter 5, the Productivity Capital Investment Program (PCIP}

mander

Signal Cosmand

N:  ASN-0OPS

£ Ritchi2, MD 21719

~¥e ara currantly oerfoming a program =valuation of CONUS telephone
viz=2s under the purview of this commard. The purpose is two—fold. First,
\: a direct comgparison of Federal Telephone Service (FTS) with other type
non2 3ervices, such as Wide Area Telephone Service (WATS), to datermine
"nen2fizs to be derived from each service. Second, to develop an algorithm
will oradict the optimum mix of telephone service at any given post, camp,
Pralinminary =ffort to dats is limited to evaluating FTS vs WATS.

J

()

STEE & 20N i BATH

)
-
T
13
V]
3
.

ifZ2r2nt posts, camps, ard stations have been selected for analysis
2} on j2ograghical location and mission to ensurs a statistically corract
12 is usad. General Services Administration's (GSA) Automatic Maessaga
ting (AMA) cemput2r tapes werz obtained for these sites. The tapes
‘22 2 20 percent sample of all FTS calls made on a monthly basis.
atzinn includes telaphon2 numbers of called party, length of call, time of
"y -m:. Preliminary analysis of these tapes show that approximataly
—znird of all FTS calls are made intrastate. GSA bills their customers
ieoxinataly $.30 per minute per call regardless of whether the call is
rastata or lntaratate. Qurrent WATS rates for intrastate inter-LATA (Local
ool Clolopui D Areas) vasy Sy ostate, bub age btypiTally lass than tha BTS
2. [n som=2 cases as much as two—thirds less. ’

[t appears that if ICR devices were installed in the majority of posts,
ps, and stations to block intrastate FTS calls and Foute them over other
vices such as WATS, significant savings could be realized. The cost for an
device ranges between $10K and $80K depending on features and capabilities.
ds to procure these devices can be requested throughx AR 5—4,. chapter 5,
P, if the payback period is 4 years or less. Preliminary analysis shows
S to be the case in almost every instance, There are additlonal benefits to:
decived from the LCR devices other than controlling intrastate FTS calls
h as toll restricting. 7th Signal Command has evaluated these benefits
ough earliec economic and other type analyses.
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3JECT: Procurement of Least Cost Routing (LCR} Devices through AR 5—4’, -

Chapter 5, the Productivity Capital Investment Program (PCIEE o

7th Sigral Command has recently submitted a request for several IERdevIces
rough PCIP. Though sufficient PCIP furds may not be available to purchase-
L the LCR’s required, we encourage the efforts of your cammand to pursuer the

rchase of LCR's through PCIP.

Pending incre=ased availability of ICR’s acquired either through the CQNUS
Jdemization Program or PCIP, request you take necessary action to immediately
iuce intrastate FTS usage. Actions such as phymcally blocking subscciber
cess to intrastate PTS service, and/or an agqressive subscriber information
>gram should be considered as a minimum. .

Information on this program evaluation will be provided upon request.
ints of contact are Mr., Robert Priest and Mr. Joseph McCoy, AUTOVON 879-6311.

R THE CQ:MMANDER:

£, 750 313 Cord (ASN-COMPT-MEA) '
r, JSARCCO
mptroller (AS—OC-SAR)
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